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WO 97/47325 PCT/SE97/01019 
New composition and methods 

Field of the invention 
The present invention relates to a new m'ethod for local treatment of inflammatory 
diseases, free from the drawbacks of hitherto known methods and a pharmaceutical 
composition for said use. The invention further relates to methods for diagnosis and treatment 
of inflammatory diseases and reagents, kits and compositions for such use. 

Background of the invention 
Inflammatory diseases, such as inflammatory diseases of the gastrointestinal tract, 
e.g, gastritis, colitis, Crohn's disease, proctitis and inflammatory diseases of the skin, 
respiratory system and the musculosceletal system are often severely incapacitating and cause 
the patient great inconvenience and makes the patient susceptible to other complications. The 
5 exact mechanism behind the inflammatory response, characteristic for said group of diseases 
is not fully elucidated. The expression of known proinflammatory cytokines, such as IL-I, 
IL-6 and TNF-a is believed to play a central role in the course of development and 
exacerbation of said diseases. 

The exact mechanism behind inflammatory reactions is yet not fully elucidated but 
10 the central role of cytokine expression is nevertheless confirmed. Present explanatory models 
also include an interplay between cytokines and adhesion molecules. The former can trigger 
the expression of the latter and vice versa. The importance of cytokines is underlined by the 
observation that while adhesion molecules require physical contact to exercise their influence, 
cytokines are present in the local fluids and have thus a broader sphere of action. 
15 Systemic administration of p65 antisense oligonucleotides is known as a possible 

therapy to prevent cell adhesion. Cell adhesion is believed to be governed at least partially 
by the expression of the NF-kB transcription factor. Further, cell adhesion is widely 
recognised as one important factor in conditions such as inflammation, wound healing and 
tumour development. Oligomers that hybridize to a portion or part of the genes encoding the 
20 NF-kB transcripaon factor could thus prove useful to prevent cell adhesion. Narayanan (EP 
0 589 330 A2) claims an oligomer containing or having the sequence GGG GAA CAG TTC 
GTC CAT GGC as useful for binding to a portion of the gene encoding the human p65 
subunit 

Malthese et a!. (NAR 23(1995)1 143) have reported strong inhibition of cell adhesion 
25 using a p65 antisense oligonucleotide containing a G-quartet, like in the sequence claimed by 
Narayanan (supra). In addition, they have shown a position-independent effect of a G-quartet 
in their p65 antisense oligonucleotide although these mutations caused various mismatches of 
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the antisense oligonucleotide and the p65 translation start site. They also demonstrated by 
mutation analysis that the G-quartet of p65 antisense oligonucleotides is essential for activity. 
However, with regard to specificity of effects observed with G-quartet-containing antisense 
oligonucleotides, Yaswen et al. (Antisense Res. Dev. 3(1993)67) showed that such 

5 oligonucleotides cause non-specific effects on cell morphoplogy. Furthermore, it was recently 
shown (Burgess at al., Proc. Natl. Acad. Sci. USA, 95(1995)4051-4055) that such 
oligonucleotides unspecifically influence and downregulate cell adhesion. These data 
demonstrate that the observed effects of Malthese et al. are due to the presence of said G- 
quartet and not to sequence specific downregulation of p65. Furthermore, specific 

10 downregulation of p65 was also observed using G-quartet-less p65 antisense oligonucleotides 
(Mizoguchi et al., 258(1992)1795). 

Consequently the problem of how to specifically downregulate cytokine expression 
in inflammatory diseases, and thus efficiently treat such diseases, remains unsolved. The 
hitherto used regimens; systemic administration of antisense or glucocorticoid compositions, 

15 the latter being the more common therapy, has many adverse effects. The systemic 
administration of antisense polynucleotides is known to cause adverse effects, in particular 
when the oligonucleotides penetrate the brain-blood-barrier. 

The objective of the invention 
The objective of the present invention is to provide a novel oligonucleotide and a 

20 pharmaceutical compound containing said nucleotide which specifically downregulates 
cytokine development and is suitable for the treatment and diagnosis of inflammatory 
diseases. 

Summary of the invention 

The objective of the invention is fulfilled by the specific ?onucleotide, the 
25 composition comprising said oligonucleotide and methods specified in the accompaning 
claims. The present inventors have surprisingly shown, that a novel pharmaceutical 
composition according to the appendend claims is efficient in specifically downregulating 
the expression of cytokines in inflammatory diseases. The novel composition is also 
suitable for the treatment and diagnosis of inflammatory diseases, in particular for the 
30 treatment of inflammatory diseases in the gastrointestinal tract, the skin and the nervous 
system. The novel oligonucleotide and composition comprising the same is particularly 
useful for local treatment of said diseases. 



WO 97/47325 PCT/SE97/01019 

3 

Description of the figures 
Fig. 1 - Increased p65 expression in TNBS-inducee colitis 

a) Northern analysis for IL-1, IL-6, TNF-a and jS-actin transcripts of RNA from macrophage- 
-enriched lamina propria mononuclear cells isolated from the colon of normal SJL/J mice, 

5 ethanol-treated mice and TNBS-treated mice at day 21. 

b) Gel retardation analysis with nuclear extracts from macrophage-enriched lamina propria 
mononuclear cells isolated from normal or TNBS-treated mice at day 21 and a NF-kB binding 
site. There was a striking increase in NF-kB binding capacity in TNBS-induced colitis. A 
super-shift after addition of 0.2 mg anti-p65 antibody (Santa Cruz, CA) was observed 

10 suggesting the presence of the p65 subunit in the NF-kB complex. 

c) Western and shift-Western blotting studies for p65 expression using nuclear proteins from 
lamina propria macrophages isolated from normal and TNBS-treated mice at day 21. There 
was a striking increase of p65 levels in TNBS-induced colitis. 

Fig. 2 - Specific downregulation of p65 by an antisense oligonucleotide Western blot for p50 

15 and p65 expression by macrophage-enriched lamina propria mononuclear cells after treatment 
with the p65 antisense oligonucleotide and control oligonucleotides. Macrophage-enriched 
cells were isolated from SJL/J mice with TNBS-induced colitis at day 21 and co-incubated 
with 8 mM phosphorothioate oligonucleotides. A reduction of p65 expression was found in 
antisense-treated cells. Cell viability upon antisense-treatment was assessed by trypan blue 

20 exclusion and was always higher than 90%. p65 mRNA levels were reduced more than 90% 
after antisense treatment, as assessed by semiquantitative PCR (not shown), 
fig. 3 - Effects of p65 antisense treatment on TNBS-induced colitis 
a) Weight changes in SJL/J mice with TNBS-induced colitis after administration of 
phosphorothioate oligonucleotides. Mice with TNBS-induced colitis received intravenous 

25 injection of 900 frig or local administration of 150 mg phosphorothiate oligonucleotides at day 
14. Each point represents weight data from 3 mice. The standard errors are indicated. After 
initial reduction of the body weight in all TNBS-treated groups, the mice treated with p65 
antisense oligonucleotides showed an increase in their average body weight. In contrast, no 
increase was observed in mice given control oligonucleotides. 

30 b) Northern blot analysis for IL-1, IL-6, TNF-a and /3-actin transcripts of RNA from 
macrophages isolated from the colon of mice with TNBS-induced colitis 7 days after 
treatment with phosphorothioate oligonucleotides. Mice with established TNBS-induced colitis 
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were treated locally with phosphorothioate oligonucleotides at day 14. RNA from 
macrophages was isolated at day 21 , blotted to a nitrocellulose membrane and hybridized with 
specific probes. There was a striking reduction in mRNA expression of proinflammatory 
cytokines by macrophages in p65 antisense-treated mice. 
5 Fig. 4 - Effect of p65 antisense treatment and glucocorticoids on TNBS-induced colitis 
a) Weight changes in SJL/J mice with established TNBS-induced colitis after local 
administration of p65 antisense oligonucleotides or glucocorticoids. Mice with established 
TNBS-induced colitis were treated at day 19 after administration of TNBS when they showed 
about 20% weight loss. Mice were either treated by a single local administration of 150 mg 
10 p65 antisense oligonucleotides or by a single or daily local administration of 0.2 mg 
prednisolone. Each point represents weight data from 3 mice. The standard errors are 
indicated. Mice treated with p65 antisense oligonucleotides showed an increase in their 
average body weight that was more pronounced than the one observed in glucocorticoid- 
treated mice. 

15 b) Weight changes in SJL/J mice with established TNBS-induced colitis after systemic 
administration of p65 antisense oligonucleotides or glucocorticoids. Mice with established 
TNBS-induced colitis were treated at day 19 after administration of TNBS when they showed 
about 20% weight loss. Mice were either treated by a single systemic administration of 900 
mg p65 antisense oligonucleotides or by a single or daily systemic injection of 0.2 mg 

20 prednisolone. Each point represents weight data from 3 mice. The standard errors are 
indicated. Mice treated with p65 antisense oligonucleotides showed an increase in their 
average body weight that was more pronounced than the one observed in glucocorticoid- 
treated mice. 

Fig. 5 - Upregulation of p65 expression in IL-10 -/- mice Western and shift- Western blotting 
25 studies for p65 expression using nuclear proteins from lamina propria macrophages isolated 
from IL-10 -/- mice and wild type control mice. There was a striking increase in p65 levels 
in IL-10 -/- mice. 

Fig. 6 - Predominant role of NF-kB in chronic intestinal inflammation 
The predominant role of NF-kB and p65 in TNBS-induced colitis and the colitis found in 
30 IL10 -/- mice appears to be due to its ability to regulate transcriptional activity of the 
promoters of proinflammatory cytokines, such as IL-1, IL-6 and TNF-a, in macrophages. 
While corticosteroids block NF-kB function by inducing IkBa mRNA production 42-43 , p65 
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antisense oligonucleotides downregulate p65 mRNA levels and consecutively expression of 
NF-kB. 

Description of the invention 
The present inventors have defined a predominant role for the p65 subunit of the 
5 transcription factor NF-kB in two murine models of chronic intestinal inflammation. 
Furthermore, the inventors present a novel way of treating chronic colitis by local 
administration of p65 antisense oligonucleotides. Such treatment of chronic colitis is 
shown to be surprisingly more effective compared to treatment with glucocorticoids, as 
assessed by weight data and histologic analysis. Taken together with the finding that 

10 upregulation of p65 expression by lamina propria macrophages in patients with Crohn 's 
disease is associated with high production of proinflammatory cytokines, the data confirms 
the utility of local treatment with p65 antisense oligonucleotides in patients with this 
disease and similar inflammatory diseases of the gastrointestinal tract as well as other 
diseases associated with high production of proinflammatory cytokines. 

15 Additionally the present inventors have shown that local NF-kB expresson corre- 

lates with rheumatoid artritis and preliminary tests in humans show, that local administra- 
tion of p65 antisense oligonucleotide is a potent therapy. 

The murine TNBS-model of chronic intestinal inflammation used contains several 
features that are consistent with those observed in Crohn's disease in humans 1 : (i) a 

20 chronic colitis is induced that is characterized by a severe, transmural and granulomatous 
inflammation associated with diarrhea, rectal prolapse and weight loss; (ii) there are 
similarities at the T cell cytokine level since lamina propria CD4+ T lymphocytes in both 
diseases secrete high amounts of Thl-type cytokines, such as IFN-g, but low levels of 
Th2-type cytokines, such as IL-4; (iii) the present inventors have shown here that lamina 

25 propria macrophages in TNBS-induced colitis produce high levels of the proinflammatory 
cytokines IL-1, IL-6 and TNF-a reminiscent of the cytokine profiles previously reported in 
patients with Crohn 's disease 11 - I2 . The elevated levels of IL-1 , DL-6 and TNF-a in 
TNBS-induced colitis prompted us to focus in further molecular studies on the expression 
of NF-kB, a key transcription factor previously implicated in the transcriptional control of 

30 the promoter activity of these genes in macrophages 6, 22-23 . These studies revealed a 

striking overexpression of NF-kB by macrophages in TNBS-induced colitis and demonstra- 
ted that p65 is a major component of the NF-kB complex in these cells. Based on these 
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observations, the present inventors assumed that specific downregulation of p65 expression 
in macrophages would affect intestinal inflammation. Thus, the functional role of p65 was 
investigated further using an antisense strategy. 

Antisense experiments have been previously used to delineate various important 

5 functions of transcription factors. For instance, this strategy has revealed a central role for 
several DNA binding proteins in regulating cell growth and differentiation 27 " 33 . Now, the 
present inventors have surprisingly shown that lamina propria macrophages that were 
co-cultured with p65 antisense oligonucleotides produced strikingly lower levels of IL-1, 
IL-6 and TNF-a. This effect of the p65 antisense oligonucleotide was shown by previously 

10 established criteria to be both effective and specific 34 * 37 : (a) PCR and Western blot studies 
showed that the levels of p65 mRNA and protein were greatly reduced in cells exposed to 
the antisense oligonucleotide; (b) exposure of macrophages to the antisense oligonucleotide 
had no effect on a non-targeted protein (p50); (c) treatment of macrophages with several 
control oligonucleotides only minimally affected p65 levels; and (d) other unspecific 

15 effects, such as the CpG effect 26 or direct toxicity of the antisense oligonucleotide, were 
excluded. 

Further in vivo studies demonstrated that TNBS-induced colitis can be success- 
fully treated by systemic administration of p65 antisense oligonucleotides, even after the 
lesion is established. However, perhaps the most striking observation is that chronic 

20 TNBS-induced colitis can be successfully treated by a single local administration of the 
p65 antisense oligonucleotide. Moreover, by comparing different regimens of treatment in 
TNBS-induced colitis, local administration of p65 antisense oligonucleotides was found to 
be more effective in treating TNBS-induced colitis compared to local treatment with 
glucocorticoids. Furthermore, p65 antisense treatment appears to result in a longer-lasting 

25 and more profound improvement on clinical and histopathological parameters of colitis. In 
addition, no significant adverse effects of local p65 antisense treatment were observed 
raising the possibility that several of the problems with systemic antisense treatment 
reported can be avoided by the use of local application. However, these findings implicate 
local administration of antisense oligonucleotides as a novel strategy to treat chronic 

30 intestinal inflammation. 

The above data suggest that the presence of p65 is essential to maintain TNBS-in- 
duced colitis and a persistent local activation of macrophages with concomitant cytokine 
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response. Therefore, the most likely mechanism by which p65 antisense oligonucleotides 
influence TNBS-induced colitis is the reduction of the local production of cytokines. This 
hypothesis is supported by the demonstration that macrophages from p65 antisense-treated 
mice produced strongly reduced levels of IL-1, IL-6 and TNF-a. 
5 The central importance of the pluripotent cytolcine TNF-a in chronic intestinal 

inflammation has been shown by the recent demonstration that Crohn's patients with 
established intestinal inflammation could be successfully treated by a single infusion of 
antibodies to TNF-a 38 . Similarly, the present inventors have recently found that antibodies 
to TNF-a partially reverse established TNBS-induced colitis in mice (M. F. Neurath, I. 

10 Fuss, W. Strober, K.-H. Meyer zum Buschenfelde, G. Kollias; unpublished data). Here, 
it was shown that antisense-induced p65 suppression was not only accompanied by reduced 
TNF-a levels but also by reduced production of several other proinflammatory cytokines 
by lamina propria macrophages. It appears therefore that specific local targeting of p65 in 
intestinal inflammation may permit downregulation of several different cytokine genes and 

15 thus might be more effective compared to antibody treatment for a single cytokine. 

Intestinal microbial flora has been suggested to play an important role for the 
initiation and perpetuation of inflammatory bowel disease in humans 39 . Furthermore, it 
appears that the resident intestinal flora plays a major role in the pathogenesis of chronic 
intestinal inflammation found in TNBS-induced colitis 40 and the colitis found in IL-2-17, T 

20 cell receptor-20 and IL-1 0-1 8 deficient mice. In fact, it has been suggested that the 
primary defect in IL-lG-deficient mice is a failure to control normal intestinal immune 
responses against enteric antigens leading to chronic inflammation via continuous overpro- 
duction of cytokines, such as TNF-a, IL-1 and IL-6. This hypothesis is supported by the 
finding that there is an almost 20-fold increase in the secretion of the proinflammatory 

25 cytokines IL-6 and TNF-a by LPS-stimulated spleen cells in IL-10 -/- mice compared to 
normal mice 18 . The deregulated activity of NF-kB p65 in IL-10 -/- mice suggests that one 
role of IL-10 in the normal gut may be to modulate the activity of NF-kB thereby 
indirecdy affecting the expression levels of IL-1, IL-6 and TNF-a in macrophages 41 . Thus, 
the upregulation of these proinflammatory cytokines in the colitis in IL-10 -/- mice may be 

30 due to a deregulated activity of NF-kB p65 in the absence of IL-10 regulatory activity. 
Moreover, and by analogy, it is tempting to speculate that the colitis found in T cell 
receptor targeted mice could be explained by the absence of IL-10-producing Th2 cells 
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thereby abrogating a major and important suppressor of NF-kB DNA binding activity in 
those mice. However, the central role of NF-kB p65 in the IL-10 -/- model of chronic 
intestinal inflammation is further supported by the finding that chronic colitis in these 
mice can be successfully treated by p65 antisense oligonucleotides. 
5 Subsequent studies in patients with inflammatory bowel disease revealed a similar 

upregulation of p65 expression by lamina propria macrophages in patients with Crohn's 
disease. In addition, specific downregulation of p65 in these cells resulted in a conside- 
rably reduced production of IL-1, IL-6 and TNF-a. Surprisingly this effect on production 
of these cytokines appears to be more pronounced in comparison to treatment with 

10 5-aminosalicylic acid or glucocorticosteroids. Thus, the usage of p65 antisense 

oligonucleotides is a highly effective way to treat chronic inflammation of the gut in 
humans. Furthermore, inhibition of NF-kB activity has been recently suggested as a major 
component of the anti-inflammatory activity of glucocorticoids 42>43 . Since glucocorticoids 
are frequently used for the treatment of chronic intestinal inflammation in humans 11 ' 12 , the 

15 present data imply a molecular explanation for the effect of local or systemic treatment 
with glucocorticoids in chronic colitis in humans. 

The data reported here provide direct evidence for a predominant role of the p65 
subunit of NF-kB in two murine models of chronic intestinal inflammation and the data 
strongly suggest that activation of p65 is essential to maintain chronic experimental colitis 

20 (Fig. 6). In addition, the present inventors have defined a novel way of delivering 
antisense oligonucleotides to the colon and to treat established colitis by p65 antisense 
oligonucleotides. Taken together with the functional importance of p65 for cytokine 
production in humans, the data presented here demonstrates the potential utility of local 
p65 antisense treatment in patients with Crohn 's disease (regional ileitis) and other inflam- 

25 matory diseases -of the gastrointestinal tract, such as colitis, ulcerative colitis, proctitis and 
colon irritabile. Additional examples of gastrointestinal diseases associated with increased 
cytokine production are e.g. celiac disease and colon irritabile. Local administration of the 
composition according to the present invention can further be of utility in mitigating the 
inflammatory symptoms in other diseases and inflammatory conditions of the gastro- 

30 intestinal tract, such as e.g. gastric ulcers and duodenal ulcers. 

In local treatment using the present oligonuclotide any suitable delivery mode or 
vehicle can be selected, provided that sufficient attention is paid to, on one hand preserv- 
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ing the stability and function of the oligonucleotide, and on the other hand to assuring, 
that the oligonucleotide is released in the right location, i.e. the area of inflammation. A 
preferable mode of administration in the treatment of conditions in the gastrointestinal 
tract is thus in the form of slow release compositions, such as coated tablets, capsules, 
5 suppositories and similar, conventionally used vehicles for delivery. Preferably the 
inventive oligonucleotide is included in a fat emulsion or, optionally, encapsulated in 
liposomes or other suitable carriers. The present oligonucleotide can also be administered 
included in aqueous solutions or gels, containing, in addition to the antisense 
oligonucleotide, suitable and pharmaceutically acceptable adjuvants, buffering agents and 

10 gelling agents. Suitable modes of administration of said solutions or gels can be gastric 
lavage, intestinal lavage, rectal lavage or administration of said solutions or gels orally or 
through sonds or catheters, either p.o. or per rectum. The precise composition of suitable 
pharmaceutical formulations can easily be determined by a person skilled in the art. 

The novel, specific antisense oligonucleotide provides a novel molecular approach 

15 for the treatment of other related autoimmune inflammatory diseases, such as rheumatoid 
arthritis and localized neuritis, that are accompanied by increased local expression levels 
of IL-1, IL-6 and TNF-a. In the treatment of said diseases, the composition is preferably 
administered topically in the form of a salva, gel or ointment or by local intramuscular or 
sub dermal injections. Such compositions preferably also comprise suitable adjuvants, such 

20 as buffering agents, gelling agents, stabilizers antf possible pigments. 

Further examples of diseases and symptoms that could be treated in this manner 
includes e.g. psoriasis and hyperkeratosis, where the pathologic cell growth is associated 
with NF-kB expression. In the treatment of said diseases, the composition is preferably 
administered topically in the form of a salva, gel or ointment. Such compositions 

25 preferably also comprise suitable adjuvants, such as buffering agents, gelling agents, 
stabilizers and possible pigments. 

The composition according to the present invention can naturally also be used in 
the treatment of other diseases that are accompanied by increased local expression levels, 
regardless of their cause, i.e. bacterial infections and macrophage triggered reactions. 

30 Different bacteria is often very opportune to colonize inflammated sites, in particular 
ulcers in the gastrointestinal tract and skin lesions associated with psoriasis, mentioning 
only two, non-limiting examples. 
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Examples 

L Methods 
LJ Animals 

Specific pathogen-free 2-4 months old female SJL/J mice were obtained from the National 
5 Cancer Institute (NCI, Bethesda, MD). Animals were housed in the building 10A animal 
facility at the National Institutes of Health and maintained on standard laboratory chow and 
water ad libidum. IL-10 -/- mice have been previously described and characterized 18 . 
1. 2 Induction of TNBS-colitis 

TNBS-colitis was induced as described 1 . In brief, the mice were lightly anaesthetized with 

10 metofane (methoxyflurane; Pitman-Moore, Mundelein, IL) after which 0*5 mg of 2,4,6-trinit- 
robenzene sulphonic acid (TNBS; obtained from Sigma, St. Louis, MO) in 50% ethanol or 
50% ethanol alone was administered into the lumen of the colon via a 3.5F catheter fitted 
onto a 1 ml syringe. Animals were then kept in a vertical position for 30 seconds and 
returned to their cages. 

15 1.3 Cell isolation and purification of lamina propria macrophages 

Lamina propria mononuclear cells were isolated from freshly obtained colonic specimens. In 
brief, the resected colon was cut into 0.5 cm pieces and incubated twice in Ca- and Mg-free 
balanced salt solution containing EDTA (0.37 mg/ ml) and DTT (0. 145 mg/ ml) in a shaking 
incubator at 37°C for 15 min to remove epithelial cells and intraepithelial lymphocytes. After 

20 decanting the supernatant the resultant colonic tissue was incubated for 90 min in RPMH640 
containing 10% heat inactivated fetal calf serum, 25 mM Hepes, Collagenase D (400 U/ ml) 
(Boehringer Mannheim, Indianapolis, Indiana) and DNase I (0.1 mg/ml) (Boehringer 
Mannheim) in a shaking incubator at 37°C. The supernatant was collected by filtration 
straining through a 40 ^m nylon cell strainer (Falcon, Becton Dickinson Labware, NJ). 

25 Lamina propria- cells were then layered on a 40% -100% Percoll gradient (Pharmacia, 
Uppsala, Sweden) and centrifuged at 1500 rpm for 20 min at 4°C. Cells were then isolated 
at the 40-100% interface and further enriched for macrophages by negative selection 
technique using antibodies to CD4, CD8, B220, immunoraagnetic beads and MACS technique 
(Miltenyi Biotec., Germany). As assessed by FACS analysis, the resultant cell population 

30 contained more than 85% F4/80 positive cells. 
1.4. Isolation of primary splenic B cells 

Primary splenic B cells were isolated as previously described 32 . The resultant cell population 
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contained more than 90% B220+ cells, as assessed by FACS analysis.Northern hybridization- 
Lamina propria mononuclear cells were isolated as described above and total cellular RNA 
from these cells was isolated by the acid guanidium thiocyanate-phenol-chloroform extraction 
method. 10 mg RNA was separated on agarose gels that were blotted onto 0.2 mm 
5 nitrocellulose membranes. Northern blots were hybridized to specific cDNA probes 
corresponding to IL-1, IL-6, TNF-a and /3-actin sequences that were generated by RT-PCR 
amplification from splenic B cell cDNA. 
LI Preparation of nuclear extracts 

Small-scale extractions of nuclear proteins ("mini-extracts") were performed as previously 
10 described 44 . 

1.6 Electrophoretic mobility shift assays fEMSAs) 

Gel retardation assays were performed using a DNA binding site for NF-kB in the TNF-a 
promoter 72 . Binding reactions (15 pi) for EMSA contained 2 ^g synthetic DNA duplex of 
poly (dl-dC) (Pharmacia Fine Chemicals, Piscataway, NJ), 25000 cpm (Cerenkov) of 

15 end-labelled DNA probe for NF-kB, and incubation buffer (10 mM HEPES, pH 7.9, 100 mM 
NaCl, 10% glycerol, 0.5 mM MgC12, 1 mM DTT). After preincubation without protein for 
15 minutes at room temperature, crude nuclear proteins were added to the reaction for an 
additional 15 minutes and complexes were separated from unbound specific probe by 
electrophoresis in native 4% polyacrylamide gels. After electrophoresis, the gels were dried 

20 and exposed to Kodak films on intensifying screens overnight at 80°C. 
IfT-WgSteni blot analysis 

For Western blotting, nuclear extracts from lamina propria macrophages were made at 
indicated time points as described above. 50 mg nuclear proteins from macrophages were 
blotted to a 0.45 mm nitrocellulose membrane followed by immunoblotting with a rabbit 
25 anti-p65 or p50 antibody (Santa Cruz Biotechnology, CA). After incubation with an 
AP-labelled goat anti-rabbit antibody detection was performed using AP color substrate (Pro- 
mega) as previously described 44 . 
1.8 Shift Western blotting 

The shift-Western blotting method was performed as described 45 . In brief, retarded 
30 protein-DNA complexes were transferred onto stacked nitrocellulose and anion-exchange 
membranes. The radiolabeled probe that bound to the anionic filter was detected directly, 
whereas the p65 protein was detected with p65 specific antibodies and l23 Mabelled protein A. 
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1 , 9 Phosphorothioate oligonucleotides 

Oligonucleotides were synthesized with a phosphorothioate backbone to improve resistance 
to endonucleases. Such phosphorothioate oligonucleotides were prepared by Genosys 
Biotechnologies, Inc. (Woodland, TX). The antisense oligonucleotide consisted of a 19-mer 
5 analogue to the 5 ' end of the p65 subunit of NF-kB which spans the translation initiation 
site. In addition, two control (mismatched and non-sense) oligonucleotides were prepared. 
The non-sense oligonucleotide consisted of a 19-mer containing the same nucleotide 
composition of the anti-sense oligonucleotide. The sequences of murine and human 
phosphorothioate oligonucleotides were as follows: 
10 human p65 antisense: 5 '-GGAACAGTTCGTCCATGGC-3 ' 

human p65 mismatched: 5 '-GGAACAGTTCGTCTATGGC-3' 
human p65 non-sense: 5 '-TACAGAGGTGCTC ACTGGC-3 ' 
murine p65 antisense: 5 '-GAAACAGATCGTCCATGGT-3 ' 
murine p65 mismatched: 5 '-GAAACAGATCGTCTATGGT-3' 
15 murine p65 non-sense: 5 '-GTACTACTCTGAGCAAGGA-3 ' 

Lifl Cell culture of lamina propria macrophages 

Cell cultures of lamina propria macrophages were performed in complete medium consisting 
of RPMI-1640 supplemented with 3 mM L-glutamine, 10 mM HEPES buffer, 10 pg/m 
gentamycin (Whittaker), 100 U/ m each of penicillin and streptomycin (Whittaker), 0.05 mM 
20 2ME (Sigma Chemical) and 10% heat-inactivated fetal calf serum. Co-incubation studies with 
phosphorothioate oligonucleotides were performed in 24 well plates with indicated 
concentrations of oligonucleotides. 
LJJ Proliferation assays 

Proliferation of primary splenic B cells was assessed by measuring [3H]-TdR incorporation 
25 during the final eight hours of ceil culture. In brief, 5 x 104 cells/ m were cultured in 
flat-bottomed 96-well plates (Costar Corp.) for 24 hours; during the last 8 hours of culture, 
1 fiCi of [3H]-TdR (New England Nuclear, Boston, MA) (specific activity 6.7 Ci/ mmol) was 
added to each well; incorporated [3H] radioactivity was measured in a scintillation counter 
(LS2800; Beckman Instruments, Inc., Fullerton, CA). Each incubation experiment was done 
30 in triplicate. 

1.12 Reagents and Monoclonal Antibodies 

Unconjugated and biotinyiated monoclonal rat anti-mouse IL-1, IL-6, and TNF-a antibodies 
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and recombinant mouse cytokines were purchased from Pharmingen (San Diego, CA) and 
Genzyme Corp. (Cambridge, MA) respectively. Human cytokines and antibodies to human 
cytokines were obtained from R&D Systems (Minneapolis, MN). 
1.13 Cytokine Assays 

5 To measure cytokine production, cultures were incubated in 24-well plates (Costar) at 37°C 
in a humidified incubator containing 6% C0 2 . At indicated time points, culture supernatants 
were removed and assayed for cytokine concentration. Cytokine concentrations were 
determined by specific ELISA according to the manufacturer's recommendation. Optical 
densities were measured on a Dynatech MR 5000 ELISA reader at a wavelength of 490 nm. 
10 1.14 In vivo administration of anti-se nse oligonucleotides 

Animals were injected intravenously or intrarectally at indicated time points after admini- 
stration of TNBS. Weight changes were monitored as described 1 and organs were taken and 
analyzed at indicated time points. 

1.15 Histologic analysis 

15 Tissues were removed from TNBS-treated mice at indicated time points and fixed in 10% 
buffered neutral formaldehyde for paraffin embedding. Paraffin sections were made and 
stained with haematoxylin and eosin. 
1.1? Pfltient* 

Colonic specimens obtained from 41 surgical patients admitted for bowel resection were 
20 studied. The Crohn s disease group consisted of 9 men and 9 women, ranging from 23 to 61 
years of age. At the time of resection, 5 patients were receiving corticosteroids, 7 patients 
were receiving an oral sulfasalazine preparation and 6 patients were on no medications. The 
control group consisted of 23 patients admitted for therapeutic bowel resection for malignant 
(n = 13) and nonmalignant (n=10) conditions, ranging from 17 to 75 years of age. These 
25 patients were not receiving any medications at the time of the resection. 

1.16 Isolation of human lamina propria macrophages 

Lamina propria mononuclear cells were isolated using a previously described technique 46 . 
Lamina propria macrophages were prepared from the resultant cell population by a negative 
selection technique using monoclonal antibodies attached to immunomagnetic beads. In brief, 
30 cell populations were suspended at 2 x 107 cells/m in calcium free PBS with 1 % FCS to 
which a 1:350 dilution of ascites fluid containing the antibodies OKT8, OKT4 and anti-eryth- 
roglycoprotein was added. The cells were incubated at 4°C for 30 min, washed twice and 
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resuspended in coating medium. The antibody coated cell populations were then removed by 
an initial incubation with immunomagnetic beads coated with anti-murine IgG antibody 
(Advanced Magnetics, Cambridge MA) followed by a subsequent incubation with 
immunomagnetic beads coated with anti-murine IgG antibody obtained from Dynal (Oslo, 
5 Norway). The resultant cells were resuspended in complete RPM1 media and cultured in 
complete media with or without 40 mg/m LPS and 10 mg/m phytohaemagglutinin (PHA; both 
obtained from Sigma Chem., St. Louis). To some of the samples, corticosteroids, 
5-aminosalicylic acid or phosphorothioate oligonucleotides were added at a final concentration 
of 8 mM. 
10 1.17 Statistic analysis 

Tests for significance of differences were made by student's t-test using the program 

StatWorks. 

2. Examples 

Example 1 : Deregulation of p65 expression in chronic intestinal inflammation 
15 The present inventors have recently described a novel murine model of chronic 

intestinal inflammation induced by the haptenizing reagent 2,4,6-trinitrobenzene sulphonic 
acid (TNBS) that mimics some important characteristics of Crohn's disease in humans 1 . In 
particular, TNBS-induced colitis is dominated by CD44- T cells producing Thl -type cytokines 
and macrophages. The latter cell population is known to produce several important proin- 
20 flammatory cytokines and has been linked to the pathogenesis of inflammatory bowel disease 
in humans 11 * 12 . To further characterize the role of local intestinal macrophages in the TNBS 
colitis model, the present inventors assayed the ability of lamina propria macrophages from 
TNBS-treated mice to produce various proinflammatory cytokines. As shown in Figure la, 
there was a strikingly increased production of IL-1, IL-6 and TNF-a mRNAs by macrophages 
25 in TNBS-induced colitis compared with those in normal mice. This finding was consistent 
with an increased secretion of these cytokines, as assessed by ELISA studies (Table 1), 
consistent with previous reports on cytokine profiles in patients with Crohn 's disease 11 * 12 . 
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Table 1 - Cytokine production bv murine lamina prop ria macrophages 



5 



10 







IL-1 

(pg/ml) 






IL-6 

(pg/ml) 






TNF-a 

(U/ml) 




normal 


4 


+/- 


0 


.3 


23 


+/- 


3. 


5 


24 


+/- 


5. 


.5 


ethanol 


4 


+/- 


0 


.5 


20 


+/- 


1. 


7 


35 


+/- 


7. 


.1 


TNBS/ethanol 


54 


+/- 


7 


.4 


195 


+/- 


16. 


8 


387 


+/- 


49. 


.2 


p65 antisense 


12 


+/- 


3 


.9 


9 


+/- 


4. 


1 


11 


+/- 


3. 


.1 


p65 non-sense 


57 


+/- 


8 


.8 


178 


+/- 


11. 


9 


369 


+/- 


44. 


.1 


p65 mismatched 


61 


+/- 


7 


.7 


191 


+/- 


20. 


5 


394 


+/- 


33. 


.7 



(Secretion of IL-1, IL-6 and TNF-a by lamina propria macrophages from normal mice, 
ethanol- or TNBS-treated mice and from mice with TNBS-induced colitis treated with 
phosphorothioate oligonucleotides at day 21. Lamina propria macrophages were isolated from 

15 normal SJL/J mice and from untreated and treated mice with TNBS-induced colitis at day 21 
after administration of TNBS and cultured in complete medium. Supernatants were collected 
after 24 hours and analyzed for cytokine content by specific ELISA. One representative 
experiment out of three is shown. Standard errors are indicated.) 

One major control mechanism of gene expression occurs at the transcriptional level 

20 and all of these proinflammatory cytokines have been shown to be regulated by the 
transcription factor NF-kB via binding of NF-kB family members to their individual 
promoters 6, 2W3 . To investigate whether the activity of different NF-kB family members was 
altered in TNBS-induced colitis, nuclear proteins from lamina propria macrophages in 
TNBS-induced colitis were extracted and analyzed by gel retardation assays. 

25 A striking increase of NF-kB DNA binding activity in nuclear extracts from these 

cells was observed (Fig. lb). Subsequent Western and shift-Western blotting experiments 
identified the p50 (data not shown) and p65 subunits of NF-kB as major components in this 
retarded protein complex (Fig. lc). Whereas p50 is a poor transcriptional activator, the p65 
subunit of NF-kB has been shown to mediate transcriptional activation of a cascade of genes 

30 linked to the control of cell proliferation and differentiation upon mitogenic stimulation 24 " 25 . 
Based on these observations, the present inventors focused in further studies on the functional 
role of p65 in chronic intestinal inflammation. 
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Example 2: An antisense oligonucleotide to the translation start site of p65 specifically down- 
regulates IL-1. IL-6 and TNF-a production bv lamina propria macrophages 

To directly test whether a specific antisense oligonucleotide targeting the translation 
initiation site of murine p65 would affect the expression level of p65, lamina propria 

5 macrophages from mice with TNBS-induced colitis were co-incubated in cell culture with 
phosphorothioate oligonucleotides. The p65 antisense oligonucleotide strikingly reduced the 
expression of p65 at both the mRNA (data not shown) and protein levels (Fig. 2). Tnis 
inhibition was specific for p65 since the expression level of another unrelated gene (p50) was 
not affected in the same nuclear extracts. Additional viability studies showed no direct toxic 

10 effects of the p65 antisense oligonucleotides (Fig. 2). No downregulation of p65 was observed 
when mismatched or "non-sense" control oligonucleotides were used. Furthermore, the 
antisense-induced downregulation of p65 expression was accompanied by reduced secretion 
of IL-1 (4.5-fold), IL-6 (21-fold) and TNF-a (35-fold) by LPS-stimulated macrophages, as 
assessed by ELISA (table 1), further supporting the idea that p65 is a major transcriptional 

15 regulator controlling the expression of these cytokines. 

Example 3: In vivo ad ministration of p65 antisense oligonucleotides abrogates established ex- 
perimental colitis 

Having demonstrated the ability of the antisense oligonucleotide to downregulate p65 
expression and subsequent cytokine production by lamina propria macrophages, the present 

20 inventors next assessed the functional role of p65 in chronic TNBS-induced colitis in vivo. 
Phosphorothionate oligonucleotides were administered to mice with chronic TNBS-induced 
colitis either as a single intravenous injection or applied locally into the colon by injection via 
a catheter. It was found that a single intravenous injection of p65 antisense oligonucleotides 
abrogated clinical signs of established intestinal inflammation. Antisense-treated mice did no 

25 longer have diarrhoea and started to gain weight (Fig. 3a). In contrast, no significant clinical 
changes were observed in mice treated with control oligonucleotides. 

Perhaps even more strikingly, it was found that TNBS-induced colitis could be 
successfully treated by a single local administration of the p65 antisense oligonucleotide (Fig. 
3a). There was no apparent clinical sign of toxicity of the p65 antisense oligonucleotide at the 

30 concentrations tested (150-1000 mg/ mouse). In addition, no significant changes in the serum 
levels of AST (66+/- 1 U/l vs. 59+/-14 U/l), ALT (31+/-8 U/l vs. 24+/-7U/1), glucose 
(122+/-12 mg/dl vs. 127+/-I0 mg/dl) and creatinine (0.5+/-0.04 mg/dl vs. 0.5+/-0.06 
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rag/dl) were found between p65 antisense-treated and untreated mice. No increase in the 
proliferation rate (110860+/-17110 vs. 198980 +/- 20150 CPM) of LPS-activated primary 
splenic B cells was found in p65 antisense-treated mice compared to untreated mice excluding 
an unspecific stimulating effect of CpG motifs in the antisense oligonucleotide on B cell 
5 proliferation 26 . Furthermore, there were no histopathologic alterations in the spleen, thymus, 
pancreas, brain, liver and kidney of p65 antisense-treated mice (data not shown). 
Histopathological studies of the colon of p65 antisense-treated mice showed a complete 
abrogation of intestinal inflammation 7 days after administration of oligonucleotides (Figs. 
3b-d). Moreover, macrophages obtained from the lamina propria of p65 antisense-treated 
10 mice produced significantly lower amounts of IL-1, IL-6 and TNF-a mRNA in cell culture 
(Fig. 3e). 

Example 4: A single local administratis qf p65 yitijense QligpniKleoMe? i$ more effective 
in treating TNBS-induced colitis than local administration of glucocorticoids 

In further studies, the present inventors compared the effects of glucocorticoids and 

15 p65 antisense oligonucleotides on the clinical course of chronic TNBS-induced colitis. When 
mice with established TNBS-induced colitis were treated by a single local administration of 
glucocorticoids, only a small short-lasting increase in the average body weight was observed 
(Fig. 4a). However, daily local administration of glucocorticoids was more effective in 
treating chronic colitis but mice still showed evidence of colonic inflammation, as assessed 

20 by histologic analysis (data not shown) and weight curves (Fig. 4a). Daily systemic admini- 
stration of glucocorticoids was found to be more effective than daily local treatment but less 
effective than administration of p65 antisense oligonucleotides (Fig. 4b). 
Example 5: Predominant role of p65 in chronic intestinal inflammation in IL-10-/- mice 

Since the above data suggested a predominant role for the p65 subunit of NF-kB in 

25 chronic TNBS-induced colitis, the present inventors set out to determine the role of p65 in 
yet another murine model of chronic intestinal inflammation. Here, the present inventors 
chose to analyze the function of NF-kB p65 in the IL-10 -/- model of chronic intestinal in- 
flammation that is characterized by infiltrates of granulocytes, lymphocytes and macrophages 
in the gut 18 . It was found that lamina propria macrophages in these mice displayed strikingly 

30 higher levels of NF-kB binding activity and Western blot studies showed an increase of p65 
expression by macrophages in these mice compared to wild-type littermates (Fig. 5). When 
IL-10 -/- mice with chronic intestinal inflammation were treated with p65 antisense 
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oligonucleotides, the present inventors found a surprising abrogation of wasting disease with 
a reduction of the macroscopic and histologic signs of inflammatory activity (data not shown) 
suggesting that p65 is essential in this model to maintain chronic intestinal inflammation. 
Example 6: Increased production of NF-kB p65 bv lamina propria macrophages in patients 

5 with Crohn 's disease 

Based on the predominant role for NF-kB p65 in two murine models of chronic 
intestinal inflammation, the present inventors focused in further studies on the question 
whether a deregulated activity of p65 is found in patients with Crohn 's disease in humans. 
Accordingly, the present inventors purified lamina propria macrophages from patients with 

10 Crohn 's disease using negative selection techniques and analyzed the expression of NF-kB 
p65 in stimulated and unstimulated cells by Western and shift-Western blot analysis. As 
assessed by densitometry, a significant upregulation of p65 levels was found in patients with 
Crohn 's disease (p< 0.01): There was on average a 14.2-fold increase of p65 expression in 
unstimulated and a 36.5-fold increase in LPS-stimulated lamina propria macrophages in 

15 patients with Crohn's disease (n=18) compared to macrophages obtained from control 
specimens (n=23; see Methods) suggesting a continuous activation of NF-kB p65 in patients 
with this disease. When lamina propria macrophages from patients with Crohn's disease were 
co-cultured with p65 antisense oligonucleotides, a strongly reduced production of IL-1, IL-6 
and TNF-a was found (table 2). No such effect was observed when lamina propria 

20 macrophages were co-incubated with control non-sense or mismatched oligonucleotides. The 
downregulatory effect of the p65 antisense oligonucleotide on cytokine production by 
macrophages was more pronounced than the ones observed with 5-aminosalicylic acid or 
glucocorticoids. These data support the finding that p65 is a key factor in deregulating the 
expression of proinflammatory cytokines, such as IL-1, IL-6 and TNF-a, in Crohi disease 

25 and suggest that- the usage of p65 antisense oligonucleotides may be a highly effective way 
to treat chronic inflammation of the gut in humans. 

Table 2 - Cytokine production bv lamina propria macrophages in Crohn f s disease 1 

IL-1 IL-6 TNF-a 

(pg/ml) (Pff/ml) (pg/mX> 



group 


media 


LPS 
PHA 


media 


LPS 
PHA 


media 


LPS 
PHA 


control patients 
<n= 23) 

Crohn 's patients 
<n= 18) 


20 
265 


43 
455 


23 
1777 


108 
3845 


10 
134 


323 
1878 
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Table 2 continued 

IL-l IL-6 TNF-CC 

(pg/ml) <pg/ml) (pg/al) 





Crohn's patients 


media 


LPS 
PHA 


media 


LPS 
PHA 


media 


LPS 
PHA 


5 


untreated 


265 


455 


1777 


3845 


134 


1878 




5 -aminosalicylic 


138 


191 


842 


1321 


85 


388 




acid 












corticosteroids 


78 


121 


647 


711 


45 


184 




p65 antisense 


66 


109 


132 


218 


12 


44 


10 


p65 non-sense 


288 


412 


1912 


3982 


211 


1721 




p65 mismatched 


204 


423 


1657 


3321 


201 


1903 



(•Secretion of IL-l, IL-6 and TNF-a by lamina propria macrophages from patients with 

Crohn's disease and control patients. Lamina propria macrophages were isolated from bowel 

specimens and cultured in complete media with or without 40 mg/m LPS and 10 mg/m 
15 phytohaemagglutinin (PHA) in the presence or absence of corticosteroids, 5-aminosalicylic 

acid or phosphorothioate oligonucleotides. Supernatants were collected after 48 hours and 

analyzed for cytokine content by specific ELISA.) 

Although the invention has been described with regard to its preferred embodiments, 

which constitute the best mode presently known to the inventors, it should be understood that 
20 various changes and modifications as would be obvious to one having the ordinary skill in this 

art may be made without departing from the scope of the invention which is set forth in the 

claims appended hereto. 
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Claims 

1. Pharmaceutical composition for treatment of inflammatory diseases, in 
particular for the downregulation of cytokine expression, characterized in that said 
composition contains a therapeutically effective amount of p65 antisense oligonucleotide. 
5 2. Pharmaceutical composition according to claim 1, characterized in that said 

p65 antisense oligonucleotide contains the following nucleotide sequence: 

5 '-GGAACAGTTCGTCCATGGC-3 ' 

10 or homologues thereof. 

3. Method in the diagnosis of inflammatory conditions in humans, characterized 
in that the level of p65 expression in a sample of macrophages taken in a specific locus in 
the patient is determined in vitro and a found level is compared to the level for healthy 
individuals or the level obtained at another occasion for the same individual. 

15 4. Method according to claim 3, characterized in that the level of p65 expression 

is determined in a sample of lamina propria macrophages taken in the intestines of a 
patient. 

5. Method according to claim 3, characterized in that the level of p65 expression 
is determined in a sample of macrophages taken in a fluid biopsy of a patient. 
20 6. Method according to claim 4, characterized in that an increased level of p65 

expression is taken as a sign of an inflammatory gastrointestinal disease. 

7. Method according to claim 5, characterized in that an increased level of p65 
expression is taken as a sign of rheumatoid arthritis. 

8. Method according to any one of claims 3 to 7, characterized in that said p65 
25 antisense oligonucleotide contains the following nucleotide sequence: 

5 '-GGAACAGTTCGTCCATGGC-3 ' 

or homologues thereof. 

30 9. Method for the treatment of inflammatory conditions in humans, characterized 

in that a therapeutically effective amount of p65 antisense oligonucleotide is administered 
locally. 



WO 97/47325 PCT/SE97/01019 

26 

10. Method according to claim 9, characterized in that said p65 antisense oligo- 
nucleotide contains the following nucleotide sequence: 



5 '-GGAACAGTTCGTCCATGGC-3 ' 

5 

or homologues thereof. 

11. Method according to claim 10, characterized in that a therapeutically 
effective amount of p65 antisense oligonucleotide is administered locally to the intestines 
of a patient. 

10 12. Method according to claim 10, characterized in that a therapeutically 

effective amount of p65 antisense oligonucleotide is administered locally to the synovial 
areas of a patient. 

13. Method according to claim 10, characterized in that a therapeutically 
effective amount of p65 antisense oligonucleotide is administered topically to the skin of a 

15 patient. 

14. Method according to any one of claims 11 to 12, characterized in that the 
therapeutically effective amount of p65 antisense oligonucleotide is administered locally 
incorporated in any one of the following combinations: an aqueous solution, a fat emul- 
sion, coated tablets, capsules, suppositories, microcapsules or liposomes. 

20 15. Method according to any one of claims 12 to 13, characterized in that the 

therapeutically effective amount of p65 antisense oligonucleotide is administered locally 
incorporated in any one of the following combinations: an aqueous gel, a fat emulsion, 
microcapsules or liposomes. 

16. Use of a p65 antisense oligonucleotide for the manufacture of a pharmaceuti- 
25 cal composition for local administration. 

17. Use of a p65 antisense oligonucleotide for the manufacture of reagents, useful 
for the determination of the level of p65 expression in a sample. 

18. Use according to any one of claim 16-17, characterized in that said p65 
antisense oligonucleotide contains the following nucleotide sequence: 

30 

5 '-GGAAC AGTTCGTCC ATGGC-3 ' 
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or homologues thereof. 
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